A 53-year-old never-smoker Caucasian female presented with a 3-week history of worsening fatigue and severe exertional dyspnea. Physical examination identified a 3-cm nontender, hard, subcutaneous, proximal right upper extremity (RUE) mass with erythematous discoloration of the overlying skin. A 1-cm nontender, subcutaneous nodule was also identified in the left parietal area of the scalp. Positron emission tomography (PET) and computed tomography (CT) imaging revealed multiple metabolically active masses in the right lung, with the largest mass in the upper lobe measuring 5.8 × 5.0 cm [standardized uptake value (SUV): 23.4]; a left lung mass measuring 2.3 × 2.2 cm (SUV: 12.8) was also identified. Right hilar and mediastinal lymphadenopathy and subcarinal lymphadenopathy were also noted, with the subcarinal nodal mass measuring 4.4 × 4.3 cm (SUV: 21.7). Extrathoracic, metabolically active lesions were also noted, including a mass located in the celiac nodal basin and a mass in the anterior right upper arm that correlated with the mass identified during physical examination. Magnetic resonance imaging of the brain showed a 3cm transcranial lesion in the left frontal bone which was 1.8 cm thick.
Methods
The patient underwent an endobronchial ultrasound-guided fine needle aspirate of a hilar node, which revealed a poorly differentiated malignant neoplasm that could not be further characterized definitively by ancillary studies due to insufficient sample volume. As a consequence, multiple core biopsies of the RUE mass were obtained and submitted for both pathology and hybrid capture-based comprehensive genomic profiling (FoundationOne). These NGS assay sequences of the entire coding sequence of 236 cancer-related genes and select intronic regions from 19 genes commonly rearranged in cancer.
Results
Morphologic examination of the biopsy from the RUE mass revealed a malignant neoplasm of unknown histogenesis ( fig. 1a ). Immunohistochemical staining was positive for vimentin but negative for epithelial and lung markers including TTF1, Napsin A, AE1/AE3, CK5, CK6, CK7, CAM5.2, and mCEA. The initial clinical impression that the RUE mass was a metastatic tumor originating from the lung could not be confirmed. Comprehensive genomic profiling revealed an EML4-ALK rearrangement ( fig. 1b ). The other genomic alterations included amplification of the MCL1 gene and homozygous deletion of the tumor suppressor genes CDKN2A and CDKN2B. Based on the presence of the EML4-ALK rearrangement, a known oncogenic driver in a subset of pulmonary adenocarcinomas [1] , the patient was started on crizotinib 250 mg orally twice daily.
A follow-up 1 week later suggested a marked clinical improvement, with a significant size reduction of both the right-arm and scalp lesions, which became barely palpable, as well as a symptomatic improvement. A CT scan performed 1 month after treatment initiation demonstrated a significant size reduction of the lesions in the right lung ( fig. 1c, d) . There was also a marked improvement in lymphadenopathy, including a significant size reduction of the subcarinal lymph node. A restaging PET scan was obtained after 2 months of therapy and showed near-complete resolution of all hypermetabolic masses ( fig. 1e, f) . At the last examination, 5 months after the start of crizotinib treatment, the patient was completely asymptomatic with an entirely negative examination.
Discussion
Our patient was diagnosed with a nonsmall cell malignant neoplasm situated in the lung, but the initial diagnostic sample obtained from the lung was insufficient for further testing. The biopsy of the RUE tumor to perform molecular profiling prevented an additional transthoracic or bronchoscopic procedure [2] and possibly other invasive studies to identify an anatomic site of origin. Although the pathologic findings on this RUE mass biopsy were not consistent with a metastatic lesion originating from the lung, the comprehensive NGS assay (FoundationOne) identified an EML4-ALK rearrangement, which is most frequently observed in nonsmall cell lung cancer (NSCLC) [1] . However, EML4-ALK rearrangements are not exclusive to NSCLC and have also been observed in colorectal carcinoma [3, 4] , papillary thyroid carcinoma [5, 6] , renal cell carcinoma [7] and breast carcinoma [4] as well as in inflammatory myofibroblastic tumors (IMT), which are generally considered to be a type of soft tissue sarcoma [8, 9] . Although a definitive morphologic diagnosis was not possible for our patient, the decision to treat her with crizotinib was made given the aggressive disease and the favorable responses of patients with ALK-rearranged NSCLC to crizotinib treatment [10] . This decision also avoided the risks and delays associated with obtaining and testing a further lung biopsy.
The patient responded to crizotinib with rapid and significant volume decreases of the masses from both sites. This concordance in response suggests that these lesions harbor a genomic alteration conferring sensitivity to crizotinib, i.e. EML4-ALK rearrangement, and are part of the same neoplastic process. However, due to insufficient sample volume from the initial diagnostic biopsy, the presence of the EML4-ALK rearrangement in the lung lesions could not be confirmed.
EML4-ALK rearrangements are most frequently encountered in NSCLC and occur in approximately 7% of cases [1] . ALK-rearrangements, including EML4-ALK [10] have been reported in 50% of IMT cases [8, 11] . Therefore, the immunophenotype coupled with the identification of an EML4-ALK genomic alteration could be consistent with a diagnosis of either poorly differentiated NSCLC, which does not stain positively for TTF1, Napsin A, or CK5/6 in 25% of cases [12] , or IMT. This case is an example of how genomic profiling can provide additional insight beyond an indeterminate histologic diagnosis and lead to immediate implications for treatment. It shows the promise of comprehensive genomic profiling in patients who present with advanced cancers of unknown primary site where the identification of genomic alterations may simultaneously provide additional diagnostic information and allow for targeted therapy as the first line of treatment. 
